The distribution of carbonic anhydrase isoenzymes I, II, and VI was studied in the human alimentary tract using specific antibodies to human isoenzymes in conjunction with the immunoperoxidase technique to elucidate the physiological role and possible functional interplay of carbonic anhydrases (CAs) in alimentary canal functions. From the isoenzymes studied, CA II was found to be the most widely distributed in the various epithelia throughout the alimentary canal. In addition to the acinar cells of the parotid and submandibular glands and the duodenal Brunner's glands, it was present in the mucosal epithelium of the oesophagus, stomach, duodenum, and colon. The epithelial cells of the hepatic bile ducts, gall bladder, and pancreatic ducts also contained CA II in abundance. In contrast, CA VI was present only in the serous acinar and ductal cells of the parotid and submandibular glands, and CA I in the mucosal epithelium of the colon and the A cells of the pancreatic Langerhans's islets. These results suggest that CA II as a widely distributed isoenzyme in the epithelia of the alimentary canal and CA VI as secreted into saliva, may form a mutually complementary system protecting oesophageal, gastric, and intestinal mucosa from acidity.
Carbonic anhydrase (EC 4.2.1.1; CA) is a widespread catalyst of the reversible hydration of carbon dioxide and participates in the control of the ion, fluid, and acid base balance in various epithelia.'2 The enzyme occurs in at least six isoenzymes with different activities and immunological specificities. The best characterised of the isoenzymes are the cytoplasmic forms, CA I, II, and III. 3 The membrane bound, mitochondrial, and secreted isoenzymes are termed CA IV, V, and VI, respectively. 44 CA has been detected in several glandular and mucosal epithelia in the mammalian alimentary tract by biochemical278 and histochemical methods,82 suggesting that it plays an important part in various gastrointestinal functions. The distribution of the isoenzymes, however, has not been comprehensively elucidated in the human alimentary tract. At present the best known is the location of the cytoplasmic high activity isoenzyme, CA II. By immunohistochemical techniques it has been shown to be present in the parietal cells of the human gastric glands where its function is probably linked to proton secretion.8 13 CA II has also been located in the gastric, duodenal, and colonic surface epithelia, in the serous acinar and ductal structures of the human salivary glands, and in the pancreatic and bile ducts where it is suggested to supply the secretions with bicarbonate.8 1415 CA VI has been shown to be located in the serous acinar cells of the human parotid and submandibular glands and to be secreted at high concentrations into saliva,'5 but its presence elsewhere in the human alimentary tract has not been studied. Mem The erythrocytes stained intensely for CA I in all tissues studied. CA I positive staining was also distinct in the non-goblet epithelial cells of the colon (Fig IA) and the A cells of the pancreatic Langerhans's islets (Fig IB) . The location of CA I in the A cells was confirmed by subjecting serial sections of the pancreas to staining for CA I and glucagon, which showed colocalisation of the proteins (Figs lB and C). (Fig 2A) a parotid glands (data not shown) where it was granularly located in the apical portion of the cells. A faint but clear positive staining was also detected in the stratified squamous epithelium of the oesophagus (Fig 2B) while the oesophageal mucous glands failed to stain (Fig 2C) . In the stomach, an intense positive staining for CA II was found in the surface epithelial cells (Fig 2D) . The parietal cells of the gastric glands also showed a positive staining while the zymogenic cells remained unstained (data not shown). The epithelial cell staining was most intense in the gastric pit areas. CA II was also detected in the epithelium ofthe duodenum (Fig 2E) and mucous Brunner's glands (data not shown) where the enzyme was located mainly in the basal cytoplasm and the cell nuclei. In the colon, anti-CA II serum showed a distinct cytoplasmic staining in the non-goblet epithelial cells (Fig 2F) . CA I and II clearly colocalised to these cells (Figs IA and 2F), and their staining intensities decreased from the surface towards the base of the crypt of Lieberkiihn. In the liver, the most intense staining for CA II was seen in the hepatic bile ducts, and a faint but distinct staining was also found in the hepatocytes (Fig 2G) . The epithelial cells of the gall bladder (Fig 2H) and the pancreatic ducts (Fig 2I) also contained the enzyme.
LOCATION OF CA VI CA VI was detected in the serous acinar cells and demilunes of the human submandibular (Figs 3A and B) and parotid (Fig 3C) glands where the enzyme was located in granules probably representing the secretory granules. Some epithelial cells of the striated ducts also showed a faint staining (Fig 3C) . Interestingly, the other tissues studied showed no specific staining for CA VI (Figs 3D-I ).
Discussion
Carbonic anhydrases are present in various epithelia where they catalyse the reversible hydration of metabolic carbon dioxide (CO2+ H20->H++HCO3-), and participate in the control of the ion, fluid, and acid base balance.' 2 
